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ABSTRACT: The rocky intertidal fish assemblage at an area of nearshore cold
water upwelling at Punta Clara, northern Baja California, Mexico was sampled
bimonthly for I yr. Temperatures in this upwelling region typically range from
10° to 16°C throughout the year and are significantly lower than those of
surrounding areas in the warm-temperate Californian biogeographic province.
The assemblage at Punta Clara is a species-rich mixture composed ofeight fishes
that are primarily Californian in distribution, seven that are primarily Oregonian
cold-temperate, and four that range throughout both provinces. In terms of
relative numbers, 53% of the total number of fishes are Californian, 33% are
Oregonian, and 14% belong to both provinces . In terms of biomass, 75% are
Californian, 20% are Oregonian, and 5% belong to both provinces. Two com-
mon intertidal fishes characteristic of the Californian province (and belonging
to the largely tropical and subtropical families Blenniidae and Labrisomidae)
are absent, as are members of the Stichaeidae, which are characteristic of the
Oregonian intertidal. Populations ofOregonian fishes in these upwelling regions
off Baja California may be Pleistocene relicts maintained by cold temperatures.
Alternatively, allozyme studies of two of these species suggest considerable gene
flow between northern and Baja Californian populations that could be maintained
by larval transport in coastal currents, such as the California Current.
POINT CONCEPTION, CALIFORNIA (34S N)
forms a boundary or transitional zone be-
tween the warm-temperate Californian bio-
geographic province to the south (a region
that extends to ca. 25° N, Baja California,
Mexico) and the cold-temperate Oregonian
province to the north (Garth 1955, Valentine
1966, Brusca and Wallerstein 1979). Near-
shore surface waters in the Californian prov-
ince typically have temperatures ranging from
13° to 21°C throughout the year , whereas
those at Point Conception range from 11.5° to
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14°C, and those in the Oregonian province
range from 9° to l2°C (see Table 1; Hubbs
1948, 1960, 1961, 1962, 1963).
Point Conception is the southern limit of
the ranges of many species, including fishes,
of the Oregonian province (Horn and Allen
1978). However, several nearshore fishes
(Hubbs 1948, 1960), invertebrates (Garth
1955), and algae (Dawson 1960) that are dis-
tributed primarily in the Oregonian province
reappear in localized nearshore areas of cold
water upwelling off northern Baja California,
Mexico (Hubbs 1948, 1960).These Oregonian
species largely skip the warmer waters of
southern California and coexist with many of
the Californian biota in these upwelling re-
gions (Hubbs 1948, 1960, Dawson 1960,
Briggs 1974). The upwelling areas have sur-
face temperatures 3° to 9°C lower than those
of immediately adjacent areas characteristic
of the Californian warm-temperate biogeo-
graphic province (Hubbs 1948, 1960; see
Table 1). The unique mixture of biota in these
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TABLE 1
TEMPERATURE DATA FOR PUNTA C LARA AND COMPARISON AREAS*
JAN. FEB. MAR. APR. MAY JUNE JULY AUG. SEPT. OCT. NOV. DEC. MEAN
Punta Clara , Baja California , Mexi co; 310 31.9' N, 116039.7' W
1960 xxxx** 11.4 12.2 12.9 12.6 xxxx 15.6 15.0 15.2 14.6 16.8 16.6 14.3
1961 14.4 13.4 13.5 13.8*** 15.9 13.6 14.7 14.7*** 14.9 xxxx xxxx xxxx 14.3
1962 14.6 12.7 12.0 xxxx 13.4*** xxxx 17.0 14.6 15.6 16.9 12.6 14.4 14.4
1963 13.1 12.2 12.8 xxxx 12.5 14.5 14.9 16.5*** 16.7 xxxx 14.4 xxxx 14.2
Mean 14.0 12.4 12.6 13.3 13.6 14.0 15.6 15.2 15.6 15.8 14.6 15.5 14.35
La Jolla , Scripps Pier , California; 320 52.0' N, 1170 15.3' W
1961 13.8 12.6 16.2 xxxx 18.9 17.5 17.7 18.9 18.7 xxxx xxxx xxxx 16.8
1962 13.4 14.7 15.5 xxxx 17.6 xxxx 20.0 20.8 18.5 18.7 14.7 14.3 16.8
1963 13.2 12.5 15.2 xxxx 15.7 17.2 13.6 2 1.4 17.7 xxxx 14.8 xxxx 15.7
Mean 13.5 13.3 15.6 xxxx 17.4 17.4 17.1 20.4 18.3 18.7 14.8 14.3 16.44
Pt. Piedras Blancas, Ea stern Point, California; 350 39.9' N, 1210 15.6' W
1961 12.1 12.2 12.2 11.4 12.5 14.2 13.2 14.7 14.8 13.0 13.9 13.0 13.1
1962 14.0 12.1 11.5 12.0 11.8 12.1 14.4 14.5 14.3 14.0 11.7 12.8 12.9
1963 11.3 12.5 11.7 12.2 11.6 12.6 13.8 13.2 14.3 14.1 12.5 13.3 12.8
Mean 12.5 12.3 11.8 11.9 12.0 13.0 13.8 14.1 14.5 13.7 12.7 13.0 12.94
Mendocino, Ca liforn ia ; 390 18.2' N, 123048.2' W
1960 10.9 10.6 9.7 10.1 10.0 9.9 10.1 10.0 10.7 11.6 11.2 11.6 10.5
1961 11.7 11.2 10.3 9.4 9.8 10.5 10.4 11.6 11.4 11.8 10.8 11.0 10.8
1962 10.4 10.8 10.1 9.1 9.0 9.0 10.2 11.1 11.0 11.8 11.2 11.1 10.4
Mea n 11.0 10.9 10.0 9.6 9.6 9.8 10.2 10.9 11.0 11.7 11.1 11.2 10.58
• Based on Hubbs 1960, 1961, 1962, 1963.
•• xxxx = missing data.
••• Multipl e readings for that month .
upwelling areas and their disjunct distribution
patterns have been little studied to date.
In the present study, we examined the inter-
tidal fish assemblage at an upwelling site
off Punta Clara, Baja California, Mexico
(31° 31.9' N, 116° 39.7' W; 55 km SW of
Ensenada, Mexico; Figure I) to provide base-
line data for analyzing these patterns of dis-
tribution. This site was the location of a long-
term study of temperature by Hubbs (1960;see
Table 1). In the present study , we compared
results from I yr of bimonthly sampling with
data from intertidal fish assemblages from the
Oregonian and Californian biogeographic
pro vinces. It is part of a larger investigation
of gene flow between these disjunct popula-
tions of nearshore fishes.
MATERIALS AND METHODS
Fishes were collected bimonthly during
minus tides for 1 yr (October 1988 through
September 1989) from tide pools located at
the water's edge, having abundant algae, and
ranging to 1.5 m Mean Lower Low Water
(MLLW) in maximum depth using the anes-
thetic quinaldine sulphate. Collections began
ca. 45 min before the lowest point of the tide
and extended to I hr after. All fishes seen were
netted by three to five collectors (including
some with snorkel gear) and immediately fro-
zen on dry ice for later laboratory analysis .
Sample dates and tide levels were as follows:
23 October 1988 (-0.5 m MLLW), 22 De-
cember 1988 (-1.5 m MLLW), 17 February
1989 (-1.0 m MLLW), 9 April 1989 (0.0 m
MLLW), 6 June 1989 (-1.2 m MLLW), and
19 Augu st 1989 (-0.3 m MLLW). Tempera-
tures at the water's edge (not in isolated tide
pools) ranged from IOSC (February 1989)to
14SC (December 1988).
Total lengths (TL) of fishes to the nearest
millimeter and weights to the nearest 0.5 g
were measured as soon as possible after collec-
tion. Determination of primary biogeographic
ranges of the intertidal fishes was based on
data from Hubbs (1948), Williams (1957),
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F IGURE 1. Locat ion of study site: Punta Clara, Baja
Californ ia, Mexico.
Miller and Lea (1972), Burge and Schultz
(1973), Fitch and Lavenberg (1975), Davis
(1977), Horn and Allen (1978), Yoshiyama
(1980, 1981), Grossman (1982, 1986), Allen
(1985), Eschmeyer et al. (1983), Moring
(1986), Stepien (1986, 1991a,b), Wells (1986),
Yoshiyama et al. (1986), Matson et al. (1986),
Ruiz-Campos and Hammann (1987), Stepien
et al. (1988), Stepien and Rosenblatt (1991),
and from R. H. Rosenblatt (pers. comm .,
1989). Results of the present study were com-
pared with those of other studies of intertidal
fishes from the Californian and Oregonian
biogeographic provinces.
RESULTS
R elative Abundances and Biomass
A total of 516 individuals from 19 species
and seven families was collected at Punta
Clara. Number of individuals per species per
collection , predominant biogeographic prov-
ince(s), biomass (total weight), and size range
are given in Table 2. The most common rocky
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intertidal fishes were (in decreasing order of
relative abundance): spotted kelpfish, Gib-
bonsia elegans (C1inidae; 22.5% of the total
number collected); woolly sculpin, Clinocottus
analis (Cottidae; 19.8% of the total); crevice
kelpfish, Gibbonsia montereyensis (Clinidae;
12.4%); rosy sculpin, Oligocottus rubellio
(Cottidae; 10.1%); striped kelpfish, Gibbonsia
metzi (Clinidae; 7.9%); and opaleye, Girella
nigricans (Girellidae; 7.9%) (Figure 2). Thir-
teen fishes were less common, including (in
decreasing order of relative abundance): the
rockweed gunnel , Xererpes fucorum (Pholi-
didae); smoothhead sculpin, Artedius lateralis
(Cottidae); fluffy sculpin, Oligocottus synderi
(Cottidae); reef surfperch, Micrometrus aurora
(Embiotocidae) ; spotted snailfish, Liparis
florae (Liparididae); California clingfish, Go-
biesox rhessodon (Gobiesocidae); coralline
sculpin, Artedius corallinus (Cottidae); dwarf
surfperch, Micrometrus minimus (Embioto-
cidae); cabezon, Scorpaenichthys marmoratus
(Cottidae); black surfperch, Embiotoca jaek-
soni (Embiotocidae); slender clingfish, R im i-
cola eigenmanni (Gobiesocidae); and shiner
surfperch, Cymatogaster aggregata (Embioto-
cidae) (Figure 2 and Table 2).
Relative frequencies and contributions to
the total biomass for all species are compared
in Figure 2. Girella nigricans had the greatest
cumulative weight of a species (37.4% of the
total of all fishes), followed by Clinocottus
analis (21.4%) , Gibbonsia metzi (12.43%) , and
G. elegans (11.6%; Figure 2). These four
species accounted for 5614 g (82.8%) of the
6776 g total weight of all fishes. Heterostichus
rostratus reached the largest size (TL) , fol-
lowed by Girella nigricans and Gibbonsia metzi.
Biogeographic Affinities
Eight species, including the two most com-
mon at Punta Clara (Gibbonsia elegans and
Clinocottus analisi , occur predominantly in
the warm -temperate Californian biogeo-
graphic province, south of Point Conception
(Table 2). Four species, including three cottids
(and the fourth most abundant species, Oligo-
eottus rubellio) , are found in both the Cali-
fornian and Oregonian provinces. Seven
species, including the third and fifth most
TABLE 2
NUMBER OF EACH SPECIES PER COLLECTION, PREDOMINANT BIOGEOGRAPHIC PROVINCE(S), SIZE RANGE, AND BIOMASS (TOTAL WEIGHT OF EACH SPECIES, g)
PREDOMINANT SIZE TOTAL NUMBER PER COLLECTION" TOTAL
BIOGEOGRAPHIC RANGE WEIGHT NO.
FAMILY SPECIES PROVINCE(S)* (TL, nun) (g) 2 3 4 5 6 COLLECTED
Clinidae He terosti chus rostratus Ca . 238-274 268.3 1 1 2
Gibbonsia metzi Ore . 51-202 842.3 4 6 10 2 4 15 41
Gibbonsia montereyensis Ore . 33-85 163.9 2 38 17 4 3 64
Gibbonsia elegans Ca. 28-133 785.2 21 7 17 11 40 20 116
Cottidae Scorpaenichthys marmoratus Ca ./Ore. 112- 130 84.7 1 2 3
Artedius eorallinus Ore . 46-64 11.7 1 1 2 4
A rledius laleralis Ore . 43-1 11 148.7 2 6 8 3 2 21
Oligocottu s snyderi Ca. /Ore. 36-77 43.6 5 1 1 1 8 16
Oligocottus rubellio Ca. /Ore . 40-101 205.8 18 9 3 12 10 52
Clinocottus analis Ca . 39- 150 1,452.5 32 16 6 18 14 16 102
Embiotocidae Cymatogaster aggregata Ca. 45 1.1 1 1
Embi otoca jaeksoni Ca. 42-106 23.5 1 2
Micrometrus minimus ce .io«. 54-80 19.5 3 1 4
Micr ometrus aurora Ore . 63-100 75.6 5 6 11
Gobiesocidae Rimieola eigenmanni Ca . 31 0.3 1
Gobiesox rhessodon Ca . 30-50 7.8 3 1 2 6
Girellidae Girella nigrieans Ca . 54- 215 2,534.0 12 26 3 41
Liparididae Lipar is flo rae Ore . 33-55 7.3 4 1 1 1 7
Pho lididae Xererpesfueorum Ore . 71-136 100.2 7 7 2 2 2 2 22
To tals 6,776 .0 86 121 109 43 81 76 516
• Ca. = Californ ian Province, Ore . = Oregonian prov ince.
"Collection 1 = October 1988, Collection 2 = December 1988, Collection 3 = February 1989, Collection 4 = Apri l 1989, Collection 5 = June 1989, Collection 6 = August 1989.
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FIGURE 2. Percentage number (n = 516 fish) and per-
centage biomass (weight, g) for each species . C1inidae: H.
roo= Heterostiehus rost ratus , G. me. = Gibbonsia metzi,
G. mo . = G. montereyensis, G. el. = G. elegans; Cottidae:
S. ma o= Seorpaeniehthys marmoratus, A . eo. = Artedius
eorallinus, O. sn . = Oligoeottus snyderi, A . lao= A rtedius
lateralis, o.ru. = Oligoeottus rubellio, C. an. = Clinoeottus
analis; Embiotocidae: C. ago= Cymatogaster aggregata,
E.ja. = Embiotoeajaeksoni, M. mi. = Mierometrus mini-
mus , M . au. = M . aurora; Gobiesocidae: R . ei. = Rimieola
eigenmanni, G. rho = Gobiesox rhessodon; Girellidae: G.
ni. = Girella nigrieans; Liparididae: L. fl . = Liparis
florae ; Pholididae: X.fu. = XererpesJueorum.
common iGibbonsia montereyensis and G.
metzi), are predominantly distributed in the
cold-temperate Oregonian province, north of
Point Conception (Ta ble 2).
Warm-temperate fishes belonging to the
Californian province composed 53.3% (275
individuals) of the to tal number of individ-
uals. Cold-temperate Oregonian fishes com-
posed 32.9% (170 individuals), and those
widely distributed throughout bot h regions
made up 13.8% (71 individuals) of the total
number. In terms of biomass (relative to the
total weight of all fishes), 74.9% (50,722.7 g)
were Californian, 19.9% (1349.7 g) were
Oregonian, and 5.2% (353.6 g) belonged to
both provinces .
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Seasonal Differences in Abundance
A greater number of species (17 of the 19)
and individuals (44.6% of the yearly total)
were collected during winter months (from 22
December 1988 and 17 February 1989) than
at other times. Members of the family Clinidae
were most numerous in winter (composing
42.1% and 41.3%, respectively, of the total
number of individuals in the two winter sam-
ples). Gibbonsia montereyensis was the most
abundant clinid in winter; however, G. elegans
was more numerous in all other months and
in yearly totals . Members of the family
Cottidae were second in overall abundance
during winter. Oligocottus rubellio was the
most common cottid in winter , but was less
common than Clinocottus analis in other
months as well as in yearly totals (Tab le 2).
Fewer species (13 of 19 = 68.4%) and indi-
vidua ls (124 = 24% of the yearly total) were
collected in spring (from 9 Apri l 1989 and 6
June 1989) than in winter months. In both
seasons, members of the family Clinidae were
most numerous (39.5% of the total number of
individuals collected in Apri l and 54.3% in
June) . However, Gibbonsia elegans was the
most common clinid in spring, followed by G.
metzi. Members of the family Cottidae were
also second in abundance, but Clinocottus
analis was more common than Oligocottus
rubellio (Table 2).
Fourteen species (73.7% of the total) and
162 individuals (31.4% of the total) were col-
lected in summer (19August 1989)and fall (23
November 1989). Clinidae also was the most
abundant family collected in summer (50% of
the total number of individuals), but members
of the Cottidae were more abundant in fall
(47.6%). The cottid Clinocottus analis was the
most numerous species collected in summer
and fall, followed by the clinid Gibbonsia
elegans (Table 2).
DISCUSSION
The rocky intertidal fish assemblage in the
nearshore upwelling area at Punta Clara, Baja
California is a species-rich mixture of fishes
characteristic of both the northern cold-
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temperate (Oregonian) and southern warm-
temperate (Californian) biogeographic prov-
inces (Table 2). Seven of the 19 species are
primarily Oregonian in distribution (Yoshi-
yama 1981, Grossman 1982, 1986, Yoshi-
yama et al. 1986) and are largely absent from
the Californian biogeographic province. Eight
of the 19 species are primarily Californian in
distribution, and four are widely distributed
throughout both provinces (Table 2). The two
most common species, Gibbonsia elegans and
Clinocottus analis, are Californian and also
were the most abundant in studies of other
Californian rocky intertidal assemblages
(Williams 1957, Allen 1985, Ruiz-Campos
and Hammann 1987, Stepien 1991a). Species
from the Californian province dominated col-
lections in the present study, in both relative
numbers and percentage biomass. Intertidal
fishes characteristic of most collections in the
Californian province, but absent from collec-
tions at Punta Clara, include the labrisomid
Paraclinus integripinnis and the combtooth
blenny , Hypsoblennius gilberti (Williams,
1957, Allen 1985, Ruiz-Campos and Ham-
mann 1987, Stepien 1991a), which belong
to families that are primarily tropically-
sub tropically distributed (Stephens and
Springer 1972) and presumably are more
stenotopic.
The clinids Gibbonsia montereyensis and G.
metzi (which are two of the six most common
species) are members of the Oregonian prov-
ince that also occur in scattered cold-water
areas in the Californian province. The south-
ern populations, including those at Punta
Clara, show little genetic isolation from popu-
lations north of Point Conception (Stepien
and Rosenblatt 1991). These clinids have
a long planktonic larval life (ca. 2 months;
Stepien 1986, Stepien et al. 1988), and collec-
tion records suggest that they are readily
transported by offshore currents, such as the
California Current (H. G. Moser, National
Marine Fisheries Serv., pers. comm. , 1989).
Davis (1977) showed that G. metzi and G.
montereyensis are more cold-tolerant and less
warm-tolerant than G. elegans. Seasonality in
our collection records may suggest that G.
montereyensis , which is the least warm-
tolerant of the genus (Davis 1977), may move
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into deeper, cooler waters off Punta Clara
during warmer months.
Temperatures at Punta Clara approximate
those found in the transitional zone at Point
Conception (see Table 1). They are slightly
higher than those typical of Point Piedras
Blancas , California (35°39.9' N; Table 1).The
species composition at Punta Clara resembles
that at the transitional zone near Point Con-
ception (Matson et al. 1986). For example, the
southern Californian species Girella nigricans
is common at San Simeon (Matson et al.
1986), and Gibbonsia elegans is collected occa-
sionally (Stepien and Rosenblatt 1991).
Members of the Oregonian province found
at Punta Clara include the cottids Artedius
lateralis and A . corallinus, the embiotocid
Micrometrus aurora, the liparidid Liparis
florae, and the pholidid Xererpes fucorum .
Cottids (Washington 1981 , Washington et al.
1984), pholidids (Materese et al. 1984), and
liparidids (H. J. Walker, Scripps Institution of
Oceanography, pers. comm., 1989) have
planktonic larvae that may be transported
long distances by offshore currents. Marliave
(1986) found that Artedius spp. larvae have
relatively high offshore dispersal relative to
that of other intertidal species. In contrast to
intertidal samples in the Oregonian province
(Grossman 1982, Matson et al. 1986, Moring
1986, Yoshiyama et al. 1986), stichaeids and
the cottid Oligocottus maculosus were absent
and the cottid Oligocottus snyderi was less
common at Punta Clara.
Species richness at Punta Clara is higher
than in typical intertidal collections in the
Californian province (Williams 1957, Allen
1985, Ruiz-Campos and Hammann 1987,
Stepien 1991a) and is similar to that of
the Oregonian province (Grossman 1982,
Matson et al. 1986, Moring 1986, Yoshiyama
et al. 1986). Intertidal fish collections (with
comparable sample sizes) in the Californian
province typically number from 8 to 10species
(Williams 1957, Ruiz-Campos and Hammann
1987, Stepien 1991a). The Oregonian prov-
ince typically has a greater number of species:
for example; 17 species were collected at
Dillon Beach, California by Grossmann
(1982), 14 species at Dillon Beach by Yoshi-
yama et al. (1986), 18 species at Pescadero
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Point, California by Yoshiyama et al. (1986) ,
11 at Cape Mendocino, California by Yoshi-
yama et al. (1986), and 14 at Cape Aragoo,
Oregon by Yoshiyama et al. (1986). There
may be fewer temperate species able to toler-
ate the warmer intertidal temperatures typical
of the Californian province. Total area of
rocky intertidal habitat and algal diversity
and abundance (which provide refuge for
both intertidal fishes and the small crusta-
ceans that are their primary food source) are
greater in the Oregonian province (Abbott
and Hollenberg 1976, Grossman 1982, 1986,
Newman 1979), which may increase fish di-
versity. Intertidal species characteristic of the
Californian province but absent from the up-
welling area (Paraclinus integripinnis and
Hypsoblennius gilberti) may be particularly
stenotopic and unable to tolerate the cooler
temperatures found at Punta Clara. Study of
environmental temperature tolerances of
these species is necessary to address these
questions.
The disjunct distribution pattern of cold-
temperate Oregonian fishes, north of Point
Conception and in the upwelling regions off
Baja California, may be explained by two
alternative hypotheses. Pleistocene fossil re-
mains in the Californian province of fishes
with present-day Oregonian distributions
may suggest that their distributions (and
cooler seawater temperatures) once extended
further south (Hubbs 1948, 1960, Fitch 1967).
Warming of the southern Californian prov-
ince may have isolated these southern popula-
tions , which have been maintained by cold
water upwelling .
Stepien and Rosenblatt (1991) examined
genetic differentiation between populations
north of Point Conception and at Punta Clara
(as well as other locations) of two of these
predominantly Oregonian intertidal fishes
(Gibbonsia montereyensis and G. metzi). Their
results demonstrated high levels of gene flow
and negligible genetic isolation for these dis-
junct populations.
These population relationships may be due
to transport of pelagic fish larvae by coastal
currents, such as the California Current (see
Waples and Rosenblatt 1987 and Stepien and
Rosenblatt 1991). Postlarval survival of cold-
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temperate Oregonian fishes may be lower in
the warmer waters of southern California,
whereas the upwelling areas off the southern
ends of points along Baja California may
provide suitable habitats. This may explain
rarity of these northern species in the warm-
temperate waters of southern California and
their reappearance in upwelling areas , such as
at Punta Clara. A combination of both
hypotheses may be responsible for these un-
usual tide pool assemblages. Longstanding
breeding populations may be supplemented
by pelagic recruits . Further study of the popu-
lation genetics, distribution patterns, and
fossil record of these intertidal fishes is neces-
sary to address these hypotheses.
ACKNOWLEDGMENTS
We thank R. H. Rosenblatt for laboratory
support, facilities, identification of fishes, and
suggestions. W. A. Newman contributed sug-
gestions on biogeography. This project is part
of collaborative research on nearshore fishes
of Baja California with G. Hammann of
C.LC.B.S .B. marine laboratory in Ensenada,
Mexico. This manuscript benefitted consider-
ably by critical reviews by R . H. Rosenblatt,
R. C. Brusca, and W. A. Newman.
LITERATURE CITED
ABBOTT, 1. A., and G. J. HOLLENBERG. 1976.
Marine algae of California. Stanford Uni-
versity Press, Stanford, California.
ALLEN, L. G. 1985. A habitat analysis of the
nearshore marine fishes from southern
California. Bull. South. Calif. Acad. Sci.
84(3): 133-155.
BRIGGS, J. C. 1974. Marine zoogeography.
McGraw-Hill, New York.
BRUSCA, R. C., and B. R. WALLERSTEIN. 1979.
Zoogeographic patterns of idoteid isopods
in the northeast Pacific, with a review of
shallow water zoogeography of the area.
Bull. BioI. Soc. Wash . 3: 69-105.
BURGE, R. T., and S. A. SCHULTZ. 1973. The
marine environment in the vicinity of
Diablo Cove with special reference to
70
abalones and bony fishes. Calif. Dep. Fish
Game Mar. Resources Tech. Rep. 19.
DAVIS, B. J. 1977. Distribution and tempera-
ture adaptation in the teleost fish genus
Gibbonsia. Mar. Bio!. 42: 315-320.
DAWSON, E. 1960. A review of the ecology,
distribution, and affinities of the benthic
flora . Symposium: The biogeography of
Baja California and adjacent seas. Syst.
Zoo!' 9(3-4): 93-100.
ESCHMEYER, W. N. , E. S. HERALD, and H.
HAMMANN. 1983. A field guide to Pacific
Coast fishes. Houghton Mifflin, Boston.
FITCH, J. E. 1967. The marine fish fauna,
based primarily on Otoliths, of a lower
Pleistocene deposit at San Pedro, Califor-
nai (LACMIP 332, San Pedro Sand). Los
Angeles County Mus . Contrib. Sci. 128: 1-
23.
FITCH,J. E., and R. J. LAVENBERG. 1975. Tide-
pool and nearshore fishes of California.
University of California Press, Berkeley.
GARTH, J . S. 1955. A case for a warm-
temperate marine fauna on the west coast
of North America . Pages 19-27 in Essays
in the natural sciences in honor of Captain
Allen Hancock on the occasion ofhis birth-
day, July 26 1955. University of Southern
California Press, Los Angeles.
GROSSMAN, G. D. 1982. Dynamics and orga-
nization of a rocky intertidal fish assem-
blage: The persistence and resilience of
taxocene structure. Am. Nat. 119:611-
637.
--- . 1986. Food resource partitioning in a
rocky intertidal fish assemblage. J. Zoo!.
(B) 1:317- 355.
HORN, M. H., and L. G. ALLEN. 1978. A
distributional analysis of California coastal
marine fishes. J. Biogeogr. 5: 23-42.
HUBBS, C. L. 1948. Changes in fish fauna of
western North America correlated with
changes in ocean temperatures. J. Mar.
Res. 7: 459-482.
--- . 1960. The marine vertebrates of the
outer coast. The biogeography of Baja Cali-
fornia and adjacent seas, Pt. 2. Marine
biotas. Syst. Zoo!' 9(3-4): 134-137.
- - - . 1961. Surface water temperatures at
shore stations. U.S. West Coast and Baja
California 1960. SIO (Scripps Inst.
Oceanogr.) Ref. 61(14): 1-47.
PACIFIC SCIENCE, Volume 45, January 1991
---. 1962. Surface water temperatures at
shore stations. U.S. West Coast and Baja
California 1961. SIO (Scripps Inst.
Oceanogr.) Ref. 62(11): 1-41.
- - -. 1963. Surface water temperatures at
shore stations. U.S. West Coast and Baja
California 1962. SIO (Scripps Inst.
Oceanogr.) Ref. 63(17): 1-39.
MARLIAVE, J. B. 1986. Lack of planktonic
dispersal of rocky intertidal fish larvae.
Trans. Am. Fish. Soc. 115: 149-154.
MATERESE, A. C., W. WATSON, and E. G .
STEVENS. 1984. Blennioidea: Development
and relationships. Pages 565-573 in H. G.
Moser, ed. Ontogeny and systematics of
fishes. Based on an international sympo-
sium dedicated to the memory of E. H.
Ahlstrom. Spec. Pub!. 1, American Society
of Ichthyologists and Herpetologists.
MATSON, R. H. , C. B. CRABTREE, and T. R.
HAGLUND. 1986. Ichthyofaunal composi-
tion and recolonization in a central Cali-
fornia tidepoo!. Calif. Fish Game 72(4):
227-231.
MILLER, D. J., and R. N. LEA, 1972. Guide to
the coastal marine fishes of California.
Calif. Dep. Fish Game Fish Bull. 147.
MORING, J. R. 1986. Seasonal presence of
tidepool fish species in a rocky intertidal
zone of northern California, USA. Hydro-
biologia 134:21 -27.
NEWMAN, W. A. 1979. Californian transition
zone: Significance of short-range endemics.
Pages 399-416 in J. Gray and A. J. Boucot,
eds. Historical biogeography, plate tec-
tonics, and the changing environment.
Oregon State University Press, Portland.
RUIZ-CAMPOS, G., and M. G. HAMMANN.
1987. A species list of the rocky intertidal
fishes of Todos Santos Bay, Baja Califor-
nia, Mexico. Cienc. Mar. 13(1): 61-69.
STEPHENS, J. A ., and V. A. SPRINGER. 1972.
Clinid fishes of Chile and Peru , with de-
scription ofa new species, Myxodes ornatus,
from Chile. Smithson. Contrib. Zoo!'
159: 1-124.
STEPIEN, C. A. 1986. Life history and larval
development of the giant kelpfish, Hetero-
stichus rostratus. U.S. Fish. Bul!. 84(4):
809-826.
---. 1991a. Population structure, diets,
and biogeographic relationships of a rocky
Rocky Intertidal Fishes of Baja-STEPIEN ET AL.
intertidal fish assemblage in central Chile:
High levels of herbivory in a temperate
system. Bull. Mar. Sci. 48(1) (in press) .
--- . 1991b. Evolution and biogeography
of the Clinidae (Kelpfishes; Teleostei:
Blennioidei): A phylogenetic analysis of
allozyme and morphological data. Copeia
(in press).
STEPIEN, C. A., and R. H . ROSENBLATT. 1991.
Patterns of gene flow and genetic diver-
gence in the northeastern Pacific Clinidae
(Teleostei: Blennioidei), based on allozyme
and morphological data. Copeia (in press).
STEPIEN, C. A., M. GLATTKE, and K. M . FINK.
1988. Regulation and significance of color
morphic patterns of the spotted kelpfish,
Gibbonsia elegans Cooper (Blennioidei:
Clinidae). Copeia 1988(1): 7-15.
VALENTINE, J. W. 1966. Numerical analysis of
marine molluscan ranges on the extratro-
pical northeastern Pacific shelf. Limno!.
Oceanogr. II : 198-211.
WAPLES, R . S., and R. H. ROSENBLATT. 1987.
Patterns of larval drift in Southern Cali-
fornia marine shore fishes inferred from
allozyme data. U .S. Fish. Bul!. 85(1): I-II.
WASHINGTON, B. B. 1981. Identification and
systematics of larvae of Artedius, Clino-
cottus, and Oligocottus (Scorpaeniformes:
71
Cottidae). M.S. thesis, Oregon State Uni-
versity , Corvallis.
WASHINGTON, B. B., W. N . ESCHMEYER, and
K. M. HOWE. 1984. Scorpaeniformes: Rela-
tionships. Pages 438-447 in H. G. Moser,
ed. Ontogeny and systematics of fishes.
Based on an international symposium de-
dicated to the memory of E. H. Ahlstrom.
Spec. Pub!. I , American Society of Ichthy-
ologists and Herpetologists.
WELLS, A. W. 1986. Aspects of ecology and
life history of the woolly sculpin, Clino-
cottus analis, from southern California.
Calif. Fish Game 72(4): 213-226.
WILLIAMS, G. C. 1957. Homing behavior of
California rocky shore fishes. Univ. Calif.
Berkeley Pub!. Zoo!' 59(7): 249-284.
YOSHIYAMA, R. M. 1980. Food habits of three
species of rocky intertidal sculpins (Cot-
tidae) in central California. Copeia 1980(3):
515-525.
---. 1981. Distribution and abundance
patterns of rocky intertidal fishes in central
California. Environ. Bio!. Fish. 6(3/4):
315-332.
YOSHIYAMA, R. M., C. SASSAMAN, and R. N .
LEA. 1986. Rocky intertidal fish commu-
nities of California: Temporal and spatial
variation. Environ. Bio!. Fish. 17(1): 23-40.
